The purpose of this study was to determine the elevation dynamics of a created tidal marsh on the North Carolina coast. Deep rod surface elevation tables (RSET) and feldspar marker horizons (MH) were installed in plots to measure net surface elevation changes and to quantify contributing processes. Twelve total plots were placed on four elevation gradient transects (three transects within the created marsh and one within a reference marsh), with three plots along each transect. Elevation gradient transects included a low marsh plot dominated by Spartina alterniflora, a middle marsh plot dominated by Juncus roemerianus, and a high marsh plot dominated by Spartina patens. RSET and MH were . Elevation change ranged from 1.0 to 4.0 mm year -1 within the created marsh and from -0.4 to 2.0 mm year -1 within the reference marsh. When compared to the long-term linear trend in local relative sea level rise (RSLR) of 3.10 0.35 mm year -1 , the middle marsh plots within the created marsh trended toward survival, with an observed elevation increase of 3.1 0.2 mm year -1 . Alternatively, the low and high marsh plots within the created marsh trended toward submergence, with observed elevation increases of 2.1 0.2 and 1.3 0.2 mm year -1 , respectively. These results indicate that a created marsh can display elevation dynamics similar to a natural marsh and can be resilient to current rates of RSLR if constructed with a high elevation capital. Surface elevation changes were observed over a short time period and in a relatively young marsh, so it is uncertain if these trends will continue or how the long-term relation with RSLR will develop. While this study provided initial data on the ability of created tidal marshes to respond to observed sea level rise, subsequent observations are needed to evaluate the long-term elevation dynamics.
idal salt marshes provide several important ecosystem benefits, including finfish and shellfish habitat, nutrient cycling, flood abatement, storm surge protection, and atmospheric carbon sequestration (Barbier, 2011; Costanza et al., 2014; Greeson et al., 1979; Nelson and Zavaleta, 2012) . The cumulative ecosystem benefits of tidal marsh/mangrove systems worldwide were estimated to be worth $24.8 trillion in 2007 U.S. dollars (Costanza et al., 2014) . Although tidal marsh ecosystems are now known to provide a multitude of benefits, degradation by anthropogenic activities has substantially reduced the area occupied by coastal marshes (Broome et al., 2019) . The historical loss of coastal marshes paired with their wide-ranging benefits and high societal value has led to a practice of tidal marsh creation and restoration (Lewis, 1989; Mitsch and Gosselink, 2015; Streever, 1999) . Tidal marsh creation and restoration projects seek to create marsh ecosystems that can recover lost ecosystem benefits. Broome et al. (2019) defined tidal marsh creation as the conversion of upland or subtidal habitat to tidal salt or brackish water marsh ecosystems, typically dominated by emergent vegetation. Tidal marsh creation requires careful site selection based on hydrology, vegetation, soil, and the suitability of the site to be transformed with minimal negative effects to the nearby environment. When properly designed and constructed, created tidal marshes can ultimately provide ecological functions and value similar to those observed in natural tidal marshes (Broome et al., 2019; Craft et al., 2003; Moreno-Mateos et al., 2012) . However, all tidal marsh ecosystems, whether created, restored, or natural, are currently facing an increasing and uncertain threat from elevated rates of sea level rise (Schuerch et al., 2018) .
Rising sea levels increase the frequency and duration of inundation, which alter the hydrology of coastal ecosystems. Since hydrology drives ecosystem structure and function, rising sea levels can have devastating effects on the health of coastal marsh ecosystems, including vegetation loss, erosion, and ultimately conversion to tidal mudflats (Broome et al., 1995; Keddy, 2010; Kirwan and Megonigal, 2013; McKee et al., 2007; Stagg et al., 2016; Stagg and Mendelssohn, 2010) . Overall, there are three possible outcomes for tidal marshes in response to elevated rates of sea level rise: eventual submergence, landward migration, or survival in the current landscape position (often coupled with migration inland). Marsh survival at a current landscape position requires the tidal marsh ecosystem to display resiliency to sea level rise. Resiliency in ecological systems was defined by Holling (1973) as an emergent ecosystem property that determines the persistence of an ecological system and is a measure of the system's ability to absorb change and disturbance while maintaining the same relationships between populations and state variables.
Tidal marsh resiliency to sea level rise is characterized by the marsh surface gaining elevation, through complex feedback systems that equilibrate surface elevation with tidal inundation, at a rate similar to or greater than sea level rise (Craft et al., 2009; Horton and Edwards, 2006; Kirwan and Guntenspergen, 2012; Morris et al., 2002; Nyman et al., 2006; Reed, 1995; Stagg et al., 2016) . Elevation gains occur through three primary mechanisms: accumulation of organic material via belowground primary productivity (roots), surficial deposition of organic matter, and accretion of mineral sediment delivered to the marsh from upland runoff, tidal flooding, and bioturbation (Mitsch and Gosselink, 2015; Morris et al., 2002; Nyman et al., 2006; Reed, 1995; Stagg et al., 2016) . Elevation gain is hindered by erosion of the marsh surface, belowground decomposition, soil shrinkage, and subsurface compaction (Reed, 1995) . Together, these are the main processes that drive surface elevation dynamics in tidal marshes. These processes vary across different marsh elevations due to differences in the frequency and duration of inundation (Kirwan et al., 2016; Valiela et al., 2018) . Therefore, each marsh elevation needs to be evaluated separately to fully evaluate the resiliency of a site to sea level rise.
Although tidal marshes are naturally dynamic, the rates of relative sea level rise (RSLR) observed in the southeast U.S. are currently exceeding the historical rates of sea level rise that many tidal marsh systems have equilibrated to (Kemp et al., 2011; Kirwan and Megonigal, 2013; Sallenger et al., 2012; Valle-Levinson et al., 2017) . Past studies provide evidence that natural tidal marshes can display resiliency to current rates of RSLR (e.g., Cahoon et al., 2006; Kirwan et al., 2010; Kirwan and Megonigal, 2013; Lane et al., 2006; Osland et al., 2017; Stagg et al., 2016) . However, the resiliency of created tidal marshes to accelerating RSLR is not well documented and mostly unknown.
In this study, we measured net surface elevation changes and quantified contributing processes within a created marsh located in the North River Wetlands Preserve near Beaufort, North Carolina. The tidal marsh was created to expand local wetland habitat and provide water quality improvement to the North River estuary by enhancing the processing of agricultural inputs (sediment and nutrients) originating upstream from the site. By determining the rate of elevation change in the created marsh, the resiliency of the created marsh to RSLR can be determined. Currently, the resiliency of created marshes to RSLR is unclear because of their rarity and a lack of data. While data have been accumulated on the surface elevation dynamics of natural marshes, applying these results to created marshes is not appropriate because natural marshes may behave differently than created marshes due to inherent differences. For example, a natural marsh would likely have higher organic matter content and lower bulk densities than a created marsh.
Evaluation of created marsh resiliency will help future planning by determining if tidal marsh creation will ultimately be worth the investment and, more specifically, if successfully created marshes can persist long enough to provide lasting water quality improvement. To evaluate the resiliency of a recently created brackish tidal marsh, the deeprod surface elevation table and marker horizon (SET-MH) method was used Webb et al., 2013) . The results of this study provided an initial analysis of surface elevation dynamics and their contributing processes within a created marsh.
METHODS

STUDY SITE
The study was conducted in the North River Wetlands Preserve in Carteret County, North Carolina (34° 49 4.02 N, 76° 36 15.85 W) ( fig. 1 ). North River Farms (NRF) was a natural freshwater shrub-scrub wetland until the 1970s, when it was drained to produce agricultural row crops. In 2002, the North Carolina Coastal Federation (NCCF) purchased the area and began the process of converting 2400 ha (6,000 acre) of agricultural land into a wetland preserve (NCCF, 2017) . As part of this wetland preserve, a 14 ha (35 acre) tidal salt marsh, with roughly 2100 m of tidal creeks, was created ( fig. 1 ). Excavation of the area, to place it within the intertidal zone, was completed in 2006. After excavation, crews planted 150,000 plants that included species native to the area. Consistent with surveys of nearby reference tidal marshes, Spartina alterniflora (smooth cordgrass) was planted in the low marsh, while Juncus roemerianus (needlegrass rush) and Spartina patens (saltmeadow cordgrass) were planted in the middle and high marshes, respectively. Since planting the marsh in 2006, vegetation from the existing soil seed bank, including Distichlis spicata (salt grass) and Salicornia depressa (Virginia glasswort), has also colonized many areas in the marsh among the original plantings.
This study focused on the 14 ha created tidal marsh, as well as a nearby reference marsh. The location of the reference marsh was approximately 500 m south of the created marsh near the outlet of the main tidal creek ( fig. 1 ). No prior conversion of the reference marsh to row crops had occurred. This area has remained relatively undisturbed, aside from minor hydrologic impacts of shallow remnant ditches from agricultural production in the adjoining uplands.
The local sea level data used in this study were obtained from NOAA Station 8656483, located at the Duke Marine Lab in Beaufort, North Carolina, approximately 12 km from the NRF site (NOAA, 2013) . There, the observed mean tidal range was microtidal at 0.948 m, although wind-driven tides at the site influence this range over annual cycles. The mean sea level (MSL) trend from 1953 to 2018 indicated that the rate of long-term RSLR was 3.10 0.35 mm year -1 , which is 0.39 mm year -1 higher than the initial long-term rate of 2.71 0.37 mm year -1 measured from 1953 to 2012. The elevation ranges of the low, middle, and high marsh zones are summarized in table 1 (Shiau, 2014) . The elevation ranges were obtained at both upstream and downstream locations along Broome's Branch and within the reference marsh during another study conducted at the site from 2011 to 2013. The constructed marsh was built with well-defined elevation gradients; therefore, the elevations obtained by Shiau (2014) are representative of the initial elevations in the study plots. Mean high water (MHW) recorded at the Beaufort station is 0.36 m above NAVD88, indicating that the low and middle marsh plots in the created marsh become inundated during average high tides (NOAA, 2013); on-site water level recorders confirmed this. Based on the site MHW, the created marsh had high elevation capitals, ranging from 9 cm below MHW in the low marsh to 4 cm above MHW in the high marsh. Additionally, soil samples collected by Shiau (2014) in the top 30 cm of soil showed that average soil bulk densities in the created marsh ranged from 1.00 0.07 g cm -3 to 1.04 0.05 g cm -3 , with average C content between 4.5% and 8.4%. In the reference marsh, the average soil bulk density was 0.72 0.19 g cm -3 , and the average C content was 17.6%.
STUDY DESIGN
The study was designed to measure changes in the surface elevations across different marsh zones. Three elevation transects (B1, B2, and B3) were established within the created marsh, and one elevation transect was established within a nearby reference marsh (REF) (fig. 1 ). The reference marsh acted as an indicator of natural elevation dynamics at NRF. The lack of equal replication in both marshes was the result of cost and personnel constraints. Every transect contained three plots; one at a low marsh elevation near the tidal creek dominated by S. alterniflora, one at a middle marsh elevation dominated by J. roemerianus, and one at a high marsh elevation dominated by S. patens or D. spicata. With three plots per transect and four transects, there were twelve total plots.
The study was conducted using the high-precision deeprod SET-MH method (Cahoon et al., 1995) . The SET-MH method has been used to measure surface elevation changes and contributing surface and subsurface processes in wetland ecosystems (Cahoon et al., 2006; Callaway et al., 2014; Krauss et al., 2010 Krauss et al., , 2017 Stagg et al., 2016; Webb et al., 2013) . Rod surface elevation tables (RSETs) measure the net elevation change from the wetland surface to the bottom of the rod, which provides a stable independent datum, while feldspar marker horizons (MHs) measure vertical accretion since the start of the study ( fig. 2 ). Vertical accretion includes the accumulation of sediment and organic matter minus the effects of erosion above the MH layer. Unlike the RSET, a feldspar MH can measure only in the positive direction initially; deposition must have occurred on top of the MH for erosion to be detected (Cahoon and Lynch, 1997) . A measurement of subsurface change is obtained by taking the difference between the RSET and MH measurements; negative values indicate that subsurface processes that reduce soil volume dominate, while positive values indicate that soil volume expansion processes dominate. Each 9 m 2 plot contained one deep RSET and three feldspar MHs (fig. 3 ). The RSETs and MHs were installed in March 2012 and then left to settle for two months before the first readings. For installation, the RSET rods were driven to refusal in accordance with the National Geodetic Survey (NGS) refusal standards for Class B rods (Floyd, 1978) . Refusal occurred at depths of approximately 15 m across the site. By driving the rods to refusal, a benchmark with a stable datum was created that allowed direct comparisons of elevation change rates and regional RSLR rates. Each RSET benchmark was measured in four directions, with nine pins measured in each direction. The first direction was randomized, and the other three directions were 90°, 180°, and 270° away from the initial direction. The four directions for each benchmark were held constant over the study. To measure the pins, the portable arm was leveled and locked in place, and then the nine pins were placed through the portable arm to the soil surface. The change in pin height above the arm was measured for each of the nine pins in each direction, resulting in a maximum of 36 measurements per RSET. An increase in pin height indicated an increase in elevation on the marsh surface, and a decrease in pin height indicated a decrease in elevation on the marsh surface. MHs were installed by placing feldspar on the marsh surface at a thickness greater than 5 mm in 0.15 m 2 squares. Three MHs were placed along the border of each plot; placement was randomized within each plot ( fig. 3 ). Each MH was cored once during each site visit. Three measurements were made on each core. If a feldspar layer was not found in a soil core, the MH was cored again until a feldspar layer was found. If the feldspar layer was not found through coring, the MH was marked as missing.
The RSET and MH measurements began in May 2012, six years after creation of the marsh. This six-year period between planting and installation allowed establishment of vegetation on the marsh and initial settling of the soils that were tilled prior to planting. The study covered a nearly sixyear period, with repeated measurements of both the RSETs and MHs made in December 2012, January 2014, April 2017, and March 2018. The study did not encounter substantial loss of MHs to mixing until the 2018 field visits, at which time the feldspar layer was not located in the high and low marsh plots of the reference marsh. During each site visit, plot-level vegetation type and groundcover were measured using visual estimation and recorded to monitor major shifts.
DATA ANALYSIS
Because the RSET rods were driven to refusal based on NGS standards, we tested whether the benchmark datum was independent of the four directions. For example, we found that the nine measurements of direction 1 against an independent datum were not correlated to (or influenced by) the nine measurements of direction 2 against that same datum. Additionally, the four directions in the regression model comparisons were not correlated (probability value (p) < 0.124). Therefore, we identified the experimental unit as direction. The nine pin measurements per direction were averaged to provide one measurement per direction (n = 4 per plot), similar to the methods described by Krauss et al. (2017) and Spencer et al. (2012) . If a pin landed in a hole, on a mound or shell, or did not contact the sediment surface, that pin was not used in the data analysis. Baseline RSET measurements made in May 2012 were subtracted from each subsequent measurement to determine the change in surface elevation since the baseline measurements. The MHs were assumed to be far enough apart to be independent. Therefore, the experimental unit was each MH. The measurements from each MH core were averaged to provide one measurement per MH (n = 3 per plot). Estimates of subsurface change were calculated by subtracting the rate of vertical accretion from the rate of elevation change. To determine relative elevation change, the rates of elevation change were compared to the current local long-term rate of RSLR by subtracting RSLR from the measured elevation change data for each time interval using equation 1:
where h RSLR = change in surface elevation minus RSLR for each pin (mm) h t = surface elevation measurement at time t (mm) h i = initial surface elevation measurement (mm) RSLR = rate of local relative sea level rise (mm year -1 ) t = years between each measurement period. Standard regression analyses were used to test the null hypothesis that surface elevation change, vertical accretion, and marsh resiliency trends did not differ significantly from a slope of 0 over time ( = 0.05). Slopes were further analyzed using ANOVA for the differences between marsh type (created or reference) and marsh zone (low, middle, or high) using a general linear model (type 1 error). In all cases, the residuals were symmetric and unimodal, so normality was assumed. Scatter plots of the residuals and predicted values of the model appeared random, so homogeneity was assumed. All statistical analyses were conducted using SAS (ver. 9.4, SAS Institute, Cary, N.C.). Regression models were created and run using PROC GLM in SAS. Graphics were created using SAS output and the ggplot2 package in R (R Core Team, 2018).
RESULTS
SURFACE ELEVATION CHANGE
Surface elevation changes ranged from 1.0 to 4.0 mm year -1 in the created marsh and from -0.4 to 2.0 mm year -1 in the reference marsh (table 2) ; all plot-level elevation trends were significantly different from zero. Within the created marsh (CRT), all linear elevation change trends were significantly greater than zero. Of all the plots, the low marsh in the reference marsh (REF) was the only plot with an observed loss of elevation (table 2, fig. 4) .
The general linear model and the type/zone interaction were significant over time (table 3) . Because the type/zone interaction was significant, elevation change trends were investigated at the type/zone level. Surface elevation changes at each marsh zone were generally greater in the CRT than they were at the respective marsh zone in the REF. (table 3) . The CRT-middle elevation change rate was significantly greater than any other type/zone combination (3.1 mm year -1 ). CRT-low and REF-middle were significantly greater than the remaining type/zone combinations at 2.1 and 2.0 mm year -1 , respectively. The high marsh zones in both marshes were significantly greater than the REF-low marsh, and REF-low was the only marsh zone that lost elevation relative to the 2012 initial conditions.
VERTICAL ACCRETION
Rates of vertical accretion at the site ranged from 2.7 mm year -1 in the high marsh of transect B1 to 7.1 mm year -1 in the high marsh of REF (table 2) . All vertical accretion rates at the plot level were significantly different from zero. Each rate of vertical accretion was greater than its respective rate of elevation change, indicating that subsurface contraction occurred in both marshes. The highest rates of vertical accretion varied between the low and middle marsh zones in CRT (table 2) . The general linear model and zone effect were significant over time (table 3) . Over the entire site, ver- Table 2 
. Rates of elevation change, vertical accretion, and relative elevation change ( standard error) at each plot based on slopes calculated using simple linear regression analyses and estimated rates of subsurface change.
Marsh Zone Transect
Approximate Elevation (NAVD88, m)
Surface Elevation
Change Vertical Accretion Subsurface Change [a] (mm year -1 ) Regression analysis was not applicable because the rate of subsurface change was calculated from each elevation change and vertical accretion rate. [b] Asterisks indicate significance: * = significant at 0.01 to 0.05 level; ** = significant at 0.01 to 0.001 level; *** = significant at <0.001 level; ns = regression slope not significantly different from 0 at the  = 0.05 level.
tical accretion rates from highest to lowest were low, middle, and high, at 5.7, 4.6, and 3.1 mm year -1 , respectively. Each rate was significantly different from the other two. The type/zone interaction effect was not significant over time, so slopes at the type/zone level were not statistically compared.
Slopes were still calculated at the type/zone level to estimate subsurface change (table 3) .
SUBSURFACE CHANGE
Subsurface change was negative at all plots, indicating Table 3 . ANOVA for differences between marsh type and marsh zone using a general linear model (type 1 error). Slopes were calculated using regression analyses. Rates of subsurface change were calculated from elevation change and vertical accretion slopes.
Marsh Zone
Marsh Type Surface Elevation Change Vertical Accretion Subsurface Change [a] (mm year -1 )
Relative Elevation
Change mm year -1 p > F [b, c] [b] Asterisks indicate significance: * = significant at 0.01 to 0.05 level; ** significant at 0.01 to 0.001 level; *** significant at <0.001 level; ns = regression slope not significantly different from 0 at the  = 0.05 level. [c] Slopes with different letters are significantly different. that subsurface contraction had occurred across the site. Rates of subsurface change at the site ranged from -1.4 to -6.4 mm year -1 (table 2). Subsurface change was lower in CRT (-1.4 to -4.6 mm year -1 ) when compared to REF (-2.0 to -6.4 mm year -1 ). Within CRT, the low marsh plots had the highest rates of subsurface change (-3.8 mm year -1 ) (table 3) . Meanwhile, estimated rates of subsurface change were similar in the middle and high marsh plots.
RELATIVE ELEVATION CHANGE
When compared to the local long-term rate of RSLR of 3.10 mm year -1 , all plot-level trends had elevation deficits that were significant except the middle marsh in transects B1 and B2, both of which had significant elevation surpluses. Relative elevation change results ranged from an elevation deficit (i.e., the location lags RSLR) of 3.5 mm year -1 in REF-low to an elevation surplus (i.e., the location exceeds RSLR) of 0.9 mm year -1 in B2-middle (table 2, fig. 5 ). When analyzed at the type/zone level, CRT-middle roughly matched RSLR (0.0 mm year -1 ), CRT-low had an elevation deficit of -1.0 mm year -1 , and CRT-high had an elevation deficit of -1.8 mm year -1 (table 3, fig. 6 ). Only CRT-middle had an elevation surplus that was not significantly less than the rate of RSLR (table 3) .
DISCUSSION
COMPARISON OF ELEVATION CHANGES IN THE CREATED MARSH
The created marsh had a dynamic surface elevation during the study. Surface elevation gains were observed at all plots in the created marsh (1.0 to 4.0 mm year -1 ). The created marsh gained elevation at rates greater than the nearby reference marsh and at rates comparable to those observed in other natural North Carolina tidal marshes. Davis et al. (2017) observed elevation change rates between 2 and 13.8 mm year -1 over four years in tidal marshes near the New River estuary. Similarly, Currin et al. (2017) observed surface elevation changes ranging from -10.1 to 5.4 mm year -1 , using RSET benchmarks set within 1 m of the lower marsh edge, in natural fringing marshes along the central North Carolina coast. Thus, the created marsh can gain surface elevation at rates similar to natural marshes experiencing similar levels of RSLR.
PROCESSES CONTROLLING SURFACE ELEVATION CHANGES
Surface elevation change, measured using the RSET method, is a net measurement of vertical accretion and subsurface change. At the study site, vertical accretion was highest in the low marsh (5.7 mm year -1 ), followed by the middle marsh (4.6 mm year -1 ) and the high marsh (3.1 mm year -1 ). This general trend was reversed in the reference marsh, where the high marsh plot experienced the greatest rates of vertical accretion. However, the rates of vertical accretion in REF were highly variable and may be subject to bias from the missing marker horizons in 2018. In comparison, the rates of vertical accretion for similar marsh types ranged from an average of 3.0 mm year -1 in high marsh areas to 6.9 mm year -1 in low marsh areas based on a meta-analysis conducted by Kirwan et al. (2016) . Vertical accretion within tidal marshes occurs via surficial deposition of mineral sediment, surficial accumulation of depositional organic matter, and near-surface root growth, which expands the near-surface soil profile (Morris et al., 2002; Nyman et al., 2006; Reed, 1995) . Etheridge et al. (2015) reported mean suspended sediment concentrations between 20 and 40 mg L -1 in Broome's Branch tidal creek over ten days after a rainfall event in April 2012. The relatively low influent suspended sediment concentrations indicated that surficial mineral sediment deposition might be limited at the site. Thus, vertical accretion rates at NRF were unlikely to be dominated by sediment deposition and were likely the result of both sediment and organic matter deposition above the marker horizons. The accumulation of organic matter was likely dominated by belowground accumulation in the root zone (0 to 0.35 m) (Cahoon et al., 2006; Kirwan and Guntenspergen, 2012; Nyman et al., 1993 Nyman et al., , 2006 . While soil volume expansion processes were not dominant in the subsurface (all subsurface change estimates were negative at the site), relative contributions from belowground production above the MHs cannot be overlooked in a created marsh with potentially limited sediment additions (McKee et al., 2007) .
During the study, vegetation cover was nearly complete (>90% cover) in the marsh plots, except in the REF-low marsh plot where cover was limited to approximately 70% cover. Net primary production of S. alterniflora, J. roemerianus, and S. patens was measured near marsh plots in both the created and reference marshes between March and August in 2013 (table 4) (Shiau, 2014) . Both aboveground and belowground primary production for all species was greater in the created marsh. Within the created marsh, the highest rates of production observed were belowground in the S. alterniflora and S. patens marsh communities, but the J. roemerianus communities in the middle marsh had the highest rate of estimated soil carbon storage at 1.94 g C m -2 year -1 (Shiau, 2014) .
The greater production in the created marsh may explain the higher vertical accretion and elevation change rates observed in the created marsh, while the greater soil carbon storage in the CRT-middle marsh may explain why the greatest rate of elevation change was observed there. The high rates of belowground production in S. patens communities within the reference marsh compared to the other vegetation may also help explain why the highest rates of vertical accretion observed in REF were in the high marsh location. The combination of higher vertical accretion and higher primary production in the created marsh demonstrates the importance of belowground production on elevation change in marshes with low sediment deposition. Within both the created marsh and the reference marsh, vertical accretion outpaced elevation change. Because subsurface change was negative at all plots, it can be concluded that processes that decrease soil volume (e.g., compaction or decomposition) were dominant below the marker horizons during the study period. Within the created marsh, subsurface change had the greatest magnitude in the low marsh plots (-3.2 to -4.6 mm year -1 ), where inundation occurs more frequently. Vertical accretion was lowest in the high marsh plots, where sediment delivery was limited.
SUSCEPTIBILITY TO SEA LEVEL RISE
The main concern from the results of this study was the trend toward eventual submergence observed at the low marsh plots in the created marsh. Intensive agricultural production to the north of the created marsh will limit future marsh migration and leave only two possible future outcomes: survival of the marsh in its current landscape position or minimal migration followed by submergence. Tidal marsh resilience is tied mainly to two factors: plant growth and sediment transport (Reed, 1995) : the greater plant growth and sediment transport, the greater the potential elevation gains of the marsh surface. Kirwan and Guntenspergen (2012) showed that increased flood frequency and duration could enhance sediment transport and plant growth at intermediate elevations, which may already be affecting elevation change in the middle marsh plots of the created marsh in this study.
Depending on the initial marsh elevations and tidal range of a particular site, if the middle marsh remains resilient, the high marsh may be spared the increased tidal flooding and may therefore be minimally affected by RSLR. Alternatively, the trends observed in the low marsh are more appropriate as a primary predictor of resiliency because the low marsh represents the area primarily affected by increased tidal flooding from RSLR. In the created marsh, the elevation deficit observed in the low marsh showed that it is susceptible to degradation, submergence, and conversion to open water. This may already be occurring in the reference low marsh, where lower vegetation cover and a decrease in elevation were observed. If the low marsh degrades and submerges, it will no longer provide the ecosystem benefits that it was designed for and could possibly be the first step in submergence of the entire system.
Another important measurement in the resiliency of a tidal marsh is its elevation capital (Cahoon et al., 2019; Cahoon and Guntenspergen, 2010; Reed, 2002) . The elevation capital of a tidal marsh is the difference between the current elevation of the marsh platform and the lowest elevation at which marsh vegetation can survive (Cahoon and Guntenspergen, 2010) . Therefore, the elevation capital is effectively the buffer, in height, between the current marsh elevation and conversion of the marsh to a subtidal mudflat due to sea level rise. Because the created marsh was initially constructed at elevations near the MHW, the entire created marsh had a high elevation capital at the start of this study (table 1) . The reference marsh was lower by approximately 0.1 to 0.15 m and thus had a lower initial elevation capital. However, the observed elevation deficit in the created low marsh zone indicated that the elevation capital is being depleted. As the elevation capital is depleted, the marsh elevation will become lower in the growth zone until excessive flooding leads to the death of vegetation and eventual loss of marsh habitat. S. alterniflora, which dominated the low marsh zones, was estimated to have a lower limit of growth at 0.13 m below mean tide level (-0.25 m NAVD88) (McKee and Patrick, 1988; NOAA, 2013) . Based on a growth range lower limit and site elevations taken by Shiau (2014) , the low created marsh has an elevation buffer of approximately 0.5 m. With an elevation buffer of 0.5 m, the low marsh would not be submerged for at least 200 years if the current linear trends in both elevation change and RSLR hold. However, the likelihood of the current long-term linear trend of local RSLR holding is low. Since the study started, the long-term linear trend in local RSLR has increased by 0.39 mm year -1 . In fact, since the marsh was created in 2006, the 12-year short-term trend in local RSLR was estimated to be 9.8 mm year -1 , based on a linear regression through monthly sea level measurements (NOAA, 2013) . At a rate of 9.8 mm year -1 , RSLR will likely submerge the low elevations of the created marsh within 100 years if the current rates of elevation change do not increase. The changing rates of RSLR add more complexity to evaluating the resiliency of the created marsh, but these results highlight the importance of designing a created marsh with sufficient elevation capital to allow marsh survival over an extended period when RSLR outpaces elevation change.
CONCLUSION
This study was conducted to determine the resiliency of a created tidal marsh to accelerating RSLR. Elevation change was greater in the created marsh than in the nearby reference marsh and similar to the elevation changes observed at other natural marshes in previous studies. This indicates that created marsh ecosystems have dynamic elevations, likely resulting from complex feedback systems similar to natural marshes. Across the study site, vertical accretion was occurring at rates greater than elevation change. Within the created marsh, vertical accretion was likely a combination of belowground organic matter accumulation and mineral sediment deposition. Meanwhile, below the marker horizons, processes that decreased soil volume (e.g., compaction or decomposition) were dominant.
Based on the current elevation dynamics in the created marsh and the high elevation capital in the created low marsh, the created marsh is resilient to the current long-term linear rate of RSLR (3.1 mm year -1 ). At this rate, the created low marsh will not be submerged in this century or the next, even with its current elevation deficit. However, if the rate of RSLR increases, as evidence suggests, the elevation capital of the created low marsh could be depleted and the low marsh zone submerged within the next 100 years. The difference in marsh lifespan highlights the importance of designing created marshes with initial elevations that provide sufficient elevation capital, while also considering the appropriate intertidal elevation range needed for marsh plants.
Overall, the initial results raised two questions about the future of the created marsh: (1) Will the low elevations of the created marsh continue to lose elevation relative to RSLR, similar to the natural marsh, resulting in eventual submergence of the low marsh and possibly the entire created marsh? (2) Will subsurface change in the low marsh slow and allow the rate of elevation change to become more similar to the vertical accretion rate, thereby maintaining the elevation capital of the marsh and providing resiliency to RSLR? Due to the young age of the site and the limited studies on elevation dynamics in created marshes, additional monitoring is needed to answer these questions and further the understanding of long-term elevation dynamics and response to sea level rise in created marshes.
